Interpreting both each segmented region and multi-reactions for self-corrosion is important when investigating the corrosion rate in a welded structure. This research studied weld corrosion occurring on aluminum 6061 that can be considered from the electrical circuit concept. The research studied the corrosion process on two types of filler which were 4043 and 4047 filler. The electrical circuit model and corrosion test revealed that the heat affected zone (HAZ) region behaved as an anode and showed a higher corrosion rate for both types of filler. Samples using filler 4043 had a higher corrosion rate than filler 4047. Under an optical microscope, filler 4043 was seen to display inhomogeneous microstructures which relate to the corrosion process. Using the electrical model, study of the galvanic effects on each part of the weld regions showed realistic correlations to simulate the corrosion process in welded samples.
INTRODUCTION
Weld aluminum corrosion has grown to be a major concern for automotive industries. Many researchers have investigated weld corrosion, especially in order to predict the corrosion rate [1] [2] [3] [4] . As reported in open literature [5] , galvanic corrosion attacks welded metal and becomes a destructive source for automotive bodies and metal infrastructures . Understanding the corrosion process mechanism on welded structures will help to control the corrosion rate and protect the metal structures. The most common problem with welded aluminum is galvanic corrosion, notably where the material is exposed to a marine environment [6] . This type of corrosion occurs due to the dissimilar microstructures of the weld material (WM), heat affected zone (HAZ) and base metal (BM). Thermal cycling during welding creates dissimilar microstructural heterogeneities which cause galvanic effects and are considered to be the main sources of weld corrosion [5, 6] . Galvanic corrosion has been found at locations in different regions of the material due to differences in microstructure. One region on the welded metal can act as either an anode or cathode, depending on the electro-negativity of the metal. If the WM and HAZ are anodic to the BM, galvanic current will start from these anodic areas [5] and [6] . Furthermore, corrosion can also occur on the metal due to the electro-chemical process between the metal and electrolyte (self-corrosion) [7] .
Aluminum is considered to be corrosion-resistant which is attributed to the thin surface layer of aluminum oxide that forms due to the metal's exposure to the air. This oxide layer can protect the aluminum from further oxidation. Aluminum starts to corrode when the metal is galvanically in contact with other metal [8, 9] . The corrosion resistance of aluminum can be also reduced by aqueous salts, particularly in the presence of dissimilar metals. Aluminum is oxidized by water to produce hydrogen following this reaction.
Models to calculate corrosion consist of many different approaches. Each model predicts the corrosion rate in a different manner. All of these were developed from different systems and assumptions. During the last decade, the models were developed by using only limited variables, whereas new variables are now indicated as making contributions in corrosion models [10] . The following provides several methods commonly used to calculate the multiple corrosion process. First is mixed potential theory, which is used in electrochemistry and relates the potentials and currents from different corrosion reactions. It is an electrode potential resulting from the simultaneous reaction of a single redox couple [11] . According to the mixed-potential, any electrochemical reaction can be divided into oxidation and reduction reactions. Under this theory, the total current is zero and the corroding metal is charged neutral. Second is a mechanistic model to calculate uniform corrosion using fundamental physicochemical laws. These cover electrochemical reactions and the diffusion process [12, 13] . In the case of corrosion occurring on the metal surface, this can be expressed mathematically by using mechanistics data. These corrosion mechanisms are based on several assumptions which can be described as follows: convective diffusion, molecular diffusion and diffusion via solid film [14] . In this work, the corrosion process on two types of filler, 4043 and 4047 weld filler, will be studied using an electrical circuit model. This model will be used to predict the corrosion behavior of weld samples focusing on the heat affcted zone (HAZ), weld materials (WM) and base materials (BM). Samples were immersed in 3% NaCl as representative of seawater. Under immersed conditions, the samples were tested to measure the corrosion rate and corrosion potentials. Data from experiments were used to fit the electrical circuit models to simulate the corrosion process in real conditions.
EXPERIMENTAL SETUP Samples
The materials used were aluminum 6061 with a thickness of 2 mm. The material plates were cut into 100 mm length and 50 mm width using a MVS-C 6/31 shearing machine. The filler metals used were 4043 AlSi and 4047 AlSi. The chemical composition of the base material and filler metals is displayed in Tables 1 and 2 . 
Sample Preparation
The materials were cut based on different microstructure regions (Figure 1(a) ), which include the weld material (WM), heat affected zone (HAZ) and base metal (BM). Each weld region was machined into a surface area of 1 cm 2 . All of the weld regions were soldered with insulated copper wire for electrical connection and cold mounted as shown in Figure 1 
Electrochemical Corrosion Test
The self-corrosion rate and galvanic corrosion rate of the samples were measured using the linear polarisation resistance (LPR) technique. The experiments were conducted using solutions containing 3% NaCl. The LPR corrosion rate for all weld regions was calculated using the Stern-Geary coefficient, B of 25 mV. All the experiments to test the corrosion rate were set at a temperature of 25˚C. The procedure is similar to ASTM Experimental test G 5-94 [15] . Further interpretation can be generated using the assumption that the equivalent electrical circuit consists of an arrangement of resistors. Through this circuit, the properties of the surface can be identified as a circuit analog. The model's equivalent circuits are presented in Figure 2 .
RESULTS AND DISCUSSION
A summary of comparison data analysis taken from the experiment, the equivalent circuit and the mixed potential theories model for the two types of weld filler are presented in this section. The sole potentials on the BM, the WZ and the HAZ are shown in Table 3 . It can be seen that in the potentiostatic test, the most anodic region was located in the HAZ region for both the 4043 and 4047 weld filler, with a current density of 10 -6 A/cm 2 . The HAZ showed a higher corrosion rate, followed by BM and WM, respectively. Table 4 shows the data on the galvanic corrosion, considering the coupled effects between the two segmented regions. Table 4 shows that galvanic corrosion was initiated from the region between the BM and HAZ with a current density of 10 -5 A/cm 2 for both types of filler. The data show that the highest corrosion rate is found at the region between the HAZ and WM. As seen in the table, the HAZ-WM samples have a higher corrosion rate (4043 filler) than the BM-HAZ or BM-WM samples. Table 5 presents the galvanic corrosion in real conditions where all the regions (WM-HAZ-BM) were coupled in the electrolyte. Data recorded from Table 5 was used to verify the analog circuit to construct the corrosion kinetics that represent the real preferential weld corrosion, as presented in Figure 3 . The recorded data in Table 5 reveals that filler 4043 yielded a higher corrosion rate. This different corrosion rate may relate to the chemical composition, as filler 4043 has silicon (Si) content. Although this filler has lower Zn and Mg contents, the effects of Si show a dominant factor in the reducing corrosion rate. The results were also similar to experiments conducted by [16, 17] . In order to obtain a more realistic model to determine the corrosion current, the galvanic regions were simulated in an analog circuit by varying the weld resistivity parameters in the electric circuit, as seen in Figure 3 . The simulation will be fitted as accurately as possible to the real corrosion obtained from the experimental data in Table 5 . Table 5 . Corrosion rate data comparison calculated using models. The data from Table 5 show several values of polarisation resistance, current density and corrosion potential that match the analog circuit from Figure 4 . Applying analog circuit calculation, the preferential mechanism of weld corrosion was observed as shown in the circuit in Figure 3 (c) for 4043 weld filler and in Figure 3 (a) for 4047 weld filler. Weld samples using filler 4043 show combination reactions between the parallel and series analog circuit, while filler 4047 behaved in a parallel manner during the corrosion process. The corrosion reactions on filler 4043 show that the most reactive area is in the HAZ. This process tends to produce pitting corrosion where the anodes are continously reactive. By contrast with filler 4047, the most reactive area (anodes) was located on the weld metal and HAZ, thus the corrosion process starts from these two regions. The rate of corrosion in the anode will determine the forms of corrosion, as found by [15, 18, 19] .
Corrosion Mechanism Proposed
From the analog circuit as presented in Figure 3 , it is decided to obtain the best agreement with the data from Table 5 , which measures the corrosion rate in real conditions. As seen in Figure 4 , the samples welded with filler 4043 had one anode (HAZ) and two cathodes (BM and WM), while the samples welded with filler 4047 had two anodes that corroded simultaneously. This corrosion conditions model can be used to predict the types of corrosion produced. The weld using 4043 filler tends to result in pitting corrosion, while filler 4047 will cause uniform corrosion. Figure 5 exhibits the cross-sections and the type of microstructure formed on the specimens. When welding with a filler metal (or joining two different materials), the fusion zone composition was different from the base metal composition and the weld metal crystal is dissimilar to the base metal crystal structures. The differential microstructure is believed to govern the corrosion rate [20, 21] .
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CONCLUSIONS
Polarization and galvanic electrochemical studies can be used to predict the corrosion mechanism on welded samples. During this work a new and more objective method for the model corrosion process is demonstrated by modifying the corrosion parameters. The HAZ region behaves as anode and shows a higher corrosion rate. The sample with filler 4043 had a higher corrosion rate than the 4047 filler. The electrical circuit model can also be used to predict galvanic effects on each part of the weld regions to simulate both individual corrosion processes and combinations of galvanic corrosion. The differential microstructures on the HAZ, WM, and BM regions affect the corrosion rate and govern the types of corrosion.
